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The invention relates to a process for the production of charged polyurethanes comprising reacting isocyanate groups of a 
polyisocyanate with hydroxyl groups of alcohols comprising (i) a first alcohol selected from one or more diols containing at least 10 
carbons atoms; (ii) a second alcohol selected from alkylene diols having not more man 8 carbon atoms, alkyleneoxy diols having not more 
than 8 carbon atoms, polyols, and mixtures thereof; (iii) a third alcohol selected from (a) diols containing a charged group or atom, (b) 
diols containing an uncharged group or atom capable of charge formation and at least partially converting the uncharged group or atom 
into a charged group or atom, (c) polyols and further reaction of one or more hydroxyl group derived from the polyol with a compound 
containing a charged group or atom or a compound containing an uncharged group or atom capable of charge formation and at least partially 
converting said uncharged group or atom into a charged group or atom, and mixtures thereof. The invention further relates to charged 
polyurethane obtainable by the process, an aqueous dispersion thereof and the use thereof in a method of surface-treating a material in 
sheet or web form by applying the charged polyurethane to the surface of the material. 
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WO 99/67310 



IONIC POLYURETHANES 



PCT/SE99/01113 



Fiftiri of the Invention 
This invention relates to charged polyurethanes, aqueous dispersions of 
5 charged polyurethanes, a process for their preparation and their use as additives in the 
manufacture of paper. 

Background of the Invention 
It is known in the art to use charged polyurethanes as external and internal sizing 
agents in the manufacture of paper. For instance. U.S. Pat. No. 3,971,764 discloses sizing 
10 agents based on cationic poiyurethanes prepared by (i) reacting an aliphatic diol hav.ng an 
aliphatic substituent with at least 10 carbon atoms with a polyisocyanate to form a pre- 
polymer with terminal isocyanate groups which is subsequently reacted with (ii) a diol 
containing a tertiary nitrogen atom which is subsequently converted into the correspond^ 
ammonium compound, or (Hi) a diol containing a nitrogen atom previously converted ,nto 
15 the corresponding ammonium compound. Simiiarly. U.S. Pat. No. 4,096.127 discloses 
sizing agents based on anionic polyurethanes prepared by step (i) above followed by 
reacting the obtained prepoiymer with (iv) an aliphatic diol containing an acd group 
capable of salt formation and at least partially converting the acid group into a salt by 
reaction with a base, or (v) an aliphatic diol which carries a salt group. U.S. Pat. No. 
20 4 777 224 also discloses sizing agents based on anionic polyurethanes prepared by 
sieps (i) (iv) and (v) above and with the additional use of a polyether compound wrth at 
least one OH group. Polyurethanes of these types generally result in good sizing response 
using low dosages of sizing agent However, there is still a need for sizing agents based on 
charged polyurethanes with improved sizing, stability and application propert.es. 
25 It is accordingly an object of this invention to provide charged polyurethanes and 

aqueous dispersions thereof with improved sizing, stability and application properties. 
Further objects will appear hereinafter. The objects of the invention are achieved by a 
process for the production of charged polyurethanes. charged polyurethanes obta.nable 
by the process, aqueous dispersions of charged polyurethanes and the use thereof, as 
30 further defined in the claims. 

Summar y of the Invention 
The present invention- relates to a process for the production of charged 
polyurethanes which comprises reacting a polyisocyanate wrth alcohols comprising (i) a first 
alcohol selected from one or more diols containing at least 10 carbon atoms; (ii) a second 
35 alcohol selected from alkylene diols and alkyleneoxy diols containing not more than 8 
carbon atoms, polyols, and mixtures thereof; (iii) a third alcohol selected from (a) d.ols 
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containing a charged group or atom, (b) diols containing an uncharged group or atom 
capable of charge formation and at least partially converting the uncharged group or 
atom into a charged group or atom, (c) polyols and further reaction with a compound 
containing a charged group or atom or a compound containing an uncharged group or 
5 atom capable of charge formation and at least partially converting the uncharged group 
or atom into a charged group or atom, and mixtures thereof. 

rtetailed Description of th e Invention 
The present invention generally relates to a process for the production of charged 
polyurethanes and charged polyurethanes obtainable by the process. The process 
10 comprises reacting isocyanate groups of a polyisocyanate with hydroxy, groups of d,- 
and/or polyhydric alcohols comprising (i) a first alcohol selected from one or more d.ols 
containing at least 10 carbon atoms; (ii) a second alcohol selected from alkylene d.ols 
containing not more than 8 carbon atoms, alkyleneoxy diols containing not more than 8 
carbon atoms, polyols, and mixtures thereof; (Hi) a third alcohol selected from (a) d.ols 
15 containing a charged group or atom, (b) diols containing an uncharged group or atom 
capable of charge formation and at least partially converting the uncharged group or 
atom into a charged group or atom, (c) polyols and further reaction of one or more 
hydroxy! groups of the polyol with a compound containing a charged group or atom or a 
compound containing an uncharged group or atom capable of charge formation and at 
20 least partially converting the uncharged group or atom into a charged group or atom, and 
mixtures thereof. 

Charged polyurethanes encompassed by this invention comprises polyurethanes 
containing anionic and/or cationic groups, thereby forming anionic, amphoteric and cationic 
polyurethanes. According to the present invention there is provided anionic, amphotenc and 
25 cationic polyurethanes with outstanding properties. Aqueous dispersions of the present 
charged polyurethanes provide improved sizing which means that lower levels of s*.ng 
agent can be used to give a corresponding sizing effect, thereby leading to cost reducfon 
and economic benefits. Further characteristics observed with the dispersions of charged 
polyurethanes of this invention include less foaming, very good or improved stab.lrty. 
30 compatibility, glueability, sizing response and coating performance over a broad P H range 
and when used in surface sizing, precoating and coating applications in combinafon w.th 
conventionally used components, e.g. electrolytes, starch and derivatives thereof, p.g- 
ments, other synthetic polymers, etc., as well as improved toner adhesion and .nk jet 
properties. 

35 The process of this invention can be carried out in several ways. It is poss.ble to 

react the polyisocyanate with the first, second and third alcohols simultaneously, i.e. in a 
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so-called one-shot process. For instance, this mode of operation can be employed when 
using as the third alcohol (b) a diol containing an uncharged group or atom capable of 
charge formation, where charge formation suitably takes place when the polyurethane 
has been formed. However, it is generally preferred to carry out the process as a two-step 
5 or three-step process, for example by introducing the alcohols one after another into the 
process for reaction. The terms "one-shot process', "two-step process" and "three-step 
process" as used herein, refers to processes where the alcohols are introduced .nto the 
reaction medium for reaction essentially simultaneously, in two steps and in three steps, 
respectively. Running the process in at least two steps makes it possible to react the 
10 polyisocyanate with the alcohol(s) initially introduced into the reaction medium so as to form 
a preliminary adduct or prepolymer with isocyanate group(s). usually In a terminal pos rtl on, 
and chain-lengthening the preliminary adduct by reaction with the a«coho.(s) subsequently 
introduced into the reaction medium, the latter alcohol(s) functioning as a chain-extender, 
or chain-lengthening agent, or branching agent. Preferably the first and second alcohols are 
15 introduced into the process for reaction before introducing the third aicoho. into the process. 
The first alcohol can be introduced into the process before, simultaneously with or after the 
second alcohol. In a preferred embodiment of the invention, the polyurethane is prepared 
by reacting the polyisocyanate with the first aicoho. to form a preliminary adduct hav.ng 
terminal isocyanate groups; chain-lengthening the preliminary adduct by reaction with the 
20 third alcohol, and optionally convertion of any uncharged groups or atoms as defined 
above so as to render the polyurethane charged, wherein the second alcohol m the 
course of the process is introduced for reaction, for example as defined above. 
Generally, when using a third alcohol of the type (b) or (c). which requires one or more 
additional reaction steps in order to introduce a charged group or atom, it is generally 
25 preferred to prepare the polyurethane by first reacting the isocyanate groups of the 
polyisocyanate with the hydroxyl groups of the first, second and third alcohol, and then 
conducting any additional step(s). e.g. reacting the product obtained with a compound 
containing an uncharged group or atom capable of charge formation and converts an 
uncharged group or atom into a charged group or atom. However, such additional step(s) 
30 may also be carried out earlier in the process, for example before introducing the last 
alcohol into the process. 

in the process of this invention, the alcohol termed "first alcohol" is a diol, or d.hyd- 
nc alcohol, containing at least 10 carbon atoms. The first alcohol can be selected from ali- 
phatic and aromatic diols. preferably aliphatic dio.s. The term "aliphatic", as used here.n. 
35 refers to an essentially hydrocarbon structure apart from designated functional groups, 
which hydrocarbon structure may be interrupted by one or more heteroatoms. e.g. oxygen 
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h nitooen and/or one or more groups containing he.eroa.oms. e.g. carbonyl and acyloxy 
SSrr - used here*, refers t o an aromadc, essendalty hydrocarfcon 
apan from designated functional groups, wttich hydrocarbon suucture maybe 
Cul by one or more he.eroa.oms, e.g. oxygen and nsrogen, and/or one or more 

ZL H» mofccufcr we*, polymeric e.g. Poster, polyemer anc p«W-« 
Is and non-polymeric diois. preterabW non-polymeric diols. Preferred M alcohols 
" de *hado dil having an aiiphatic s W e-chain substiment Aliphatic d,is oanymg „ 

,0 LI connecting fhe .wo hydroxyl fl^ups, i.e. in the main chain, and preferred aliphatic 
!I cTa ns Jude alKylenes and diamines. The alipf-atic suhstan, may comain 
Zn 0 Lhiy a, teas. ,0 and preferabfy from 10 fo 22 carbon afoms. Preferred M 
H,^e Itslced from aliphatic diois hav*g an aliphatic sub*en, with a, leas. 
oCTals. When me main chain confcins a he.eroa.om which is nKrogen. . . 

,5 ^2 .ha. me nmogen carries me aliphatic substtuen,. Hxamp.es of suaab,e « 
a^r,nlde fa* add monoes.ers of tiiols such as giycero,, WmeU.^oiemane and m- 
tZZZ Z. monos.ara.es. monobehena.es. monopaim-s and monoo^ 

Mixtures comprising two or more first slcohofs can atso be used. 
25 in me process of .his invention, .he alcohol termed 'second atohol can be low 

molecuf r weigm «, or dihydrie alcohol, having no. more man 8 carbons. The d,o can * 
from alMene die*. e.g. emylene ** propylene glycol. 1,4-birtanediol a d 
rrhelediol- aly^neoxy diols, e.g. diedvylene gryco.. .rie.h»,ene glycol, te.rae.hy ene 
'"dip Jane glycol; and mixtures mereof. Preferred diols mclude emytene 
30 £ nd diZne glycol. Tne die, su,,ab* contain from 2 .o 6 carbon a,omsan^ 
tllv from 2 to 4 carbon atoms. Alternatively, or additionally, the alcohol termed 

h yZ I groups. Preferably me po*ol is aliphatic. Usually the po*o, contains from 3 . 
JL. ncab. no. more man 8 carbons. Su«e polyols 
35 Llol Wmemylo. e.hane. uimemylo, propane, and penUery.,*,. Preferred polyote 
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preferred to use triols and teuaols, preferably triols. The second alcohol should suftably' 
be free from oharged groups and atoms and atso free from groups and atoms Papeete of 

charge formation. 9 * t • 

in the prooess of this Invention, the alcohol termed "third alcohol ,s a <M. or 
5 dihydric alcohol, which Is charged or capable of charge formation, or a polyol, or 
poiyhydnc alcohol, capable of further reaction end, optionally, subsequent charge 
Lation. Mixtures of third alcohols can also be used. Preferably the third alcoho ,s an 
aliphatic compound. It is further generally preferred that the third alcoho, is a d,ol. In 
peered embodiment of the invention, the prooess leads to the formation of a 
10 polyuremane which la anionic in nature. In enottter preferred embodiment of the 
invention, the pmcess leads to me formation of a poiyurethane which ,s ca.,on,c « 
natere !n yet enother preferred embodiment of the invention, the prooess leads to the 
formation of an amphoteric poiyurethane which, in turn, may be anionic or cation,c ,n 



15 ' Accordingly, the third alcoho, can be selected from (a) a diol containing a 

charged group or atom, i.e. an anionic or ca«onic group or atom. In the prooess after 
reaction w*h the polyisocyenate or a preliminary adduo. having isocyanate group(a), this 
^pe of diol produces e oharged prepolymer or polyurethene. Examples o, an,on,c groups 
Jratoms ma. can be present in the die, include cenooxylate. phosphate artd sulfonate 
20 groups, preferably carboxyla.es. which can be obtained by neutralfcing a d,o hav,ng a 
carboxylic acid or sulfonic acid group, such as .he monoes.er reaction products 
(usu al,y trtmethyloiemene. tnmethyloipropane, glycerol) and dicarboxylic acids or 
anhydrides .hereof (usual* succinic acki or anhydnde. .erephthalic acid or anhydnde) 
, lke glycerol monosuceinate, glycerol monoterephthelate. tnmethyloipropane monc- 
25 succinate, trimethyloipropane monoterephthalate. N.N-bis-(hydroxyemyWydne, d,- 
(hydroxymedtyDpropionic acid. N,N-bis-(hydroxyethyl)-2.aminoathanesulfon,o acid, end 
U liKe by reection with a base, such as an alkali metal hydroxide, e.g. sodmm 
hydroxide, or an emine. e.g. trie.hylam,ne, .hereby forming an alkali metal or ammontum 
lunter-io. Examples of clonic groups or atoms ma, can be present in the die. include 
30 cationically oharged sulfur, phosphorous end nitrogen. e.g. in the form of sulfon^m 
Trips. pLphonium gmups and ammonium groups *e add addition salts o, ptrmary. 
seconds* end tertiary amato groups and quaternary ammonium groups, preferably 
ammonium grcups and most preferably acid add«dn salts of tenia* amino groups and 
quaternary ammonium groups. Examples of suitable ceUonic diol. (a) ,ndu e .d 
36 addihon salts and quaternion producfe of N-alkandiot diaikylaminea and N-a y, dralka- 
nolaminea like t.^propanedio^imemylemine. N-methyl diethanolamine, M-ethyl dn 
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ethanolamine, N-propyl diemanolamine. N-nLtyl diethanolamine and N-t-butyl diethanol- 
amine N-stearyl diethanolamine and N-methyl dipropanolamine, preferably N-alkyl 
diethanolamines in which the alkyl groups contain 1 to 4 carbon atoms, in particular N- 
methyl diethanolamine. The acid add-on salts can be derived from acids, such as form.c 
5 acid hydrochloric acid, sulfuric acid, etc.. and the quatemization products can be denved 
from alkylating agents like methyl chloride, dialky. sulfates, e.g. dimethyl sulfate, benzyl 
halides e g benzyl chloride, epihalohydrins. e.g. epichlorohydrin, and alkylene ox.des, e.g. 
ethylene oxide and propylene oxide. Examples of suitable diols containing a catiomc group 
are disclosed in Internet. Pat. Appl. Publ. No. WO 97/45395 and US Pat. No. 5,561.187, 
10 the teachings of which are hereby incorporated herein by reference. 

Alternatively, or additionally, the third alcohol can be selected from (b) a d.ol 
containing an uncharged group or atom capable of charge formation. In the process 
after reaction with the polyisocyanate or a preiiminary adduct having isocyanate group(s). 
this type of did produces an uncharged prepolymer or polyurethane which is then further 
15 reacted in order to produce a charged polyurethane by partially or wholly converting »e 
uncharged groups or atoms derived from the diol (b) into charged groups or atoms. The 
third alcohol of (b) can be a diol containing a group or atom that can be rendered an,on,c 
by reaction with a base. Examples of suitable uncharged groups or atoms of th.s type 
include acid groups .ike sulfonic acid, phosphoric acid and carboxylic acid groups, usually 
a carboxylic acid group. The anionic charge can be formed by neutralfcing the acid group 
present in the polyurethane by reaction with a base, such as alkali metal hydroxide, e.g. 
sodium hydroxide, or an amine, e.g. triethylamine. thereby forming an alkali metal or 
ammonium counter-ion. Suitable non-ionic dio.s (b) that are potentially anionic include the 
monoester reaction products of triols (usually trimethylolethane. trimethylolpropane, 
glycerol) and dicarboxylic acids or anhydrides thereof (usually succinic acid or anhydnde, 
terephthalic acid or anhydride) like glycerol mcnosuccinate. glycerol monoterephthalate, 
trimethylolpropane mcnosuccinate and trimethylolpropane monoterephthalate. as well as 
N N-bis-(hydroxyethy.)-glycine. dKhydroxymethyO-propionic acid. N.N-bis-(hydroxyethyl)- 
2-aminoethanesu.fonic acid, and the like. Alternatively, the second alcohol of (b) can be a 
did containing a group or atom which can be rendered cationic by reaction with an acid 
or an alkylating agent. Examples of suitable uncharged groups or atoms of this type 
indude sulfur and nitrogen atoms, e.g. in the form of sulfide and amine groups, preferably 
a nitrogen atom, where the nrtrogen can be present as a primary, secondary or tertiary 
amino group, preferably a tertiary amino group. The cationic charge can be formed by 
reacting the uncharged groups or atoms present in the polyurethane with an acid and/or 
alkylating agent, thereby forming cationic groups or atoms, such as sulfonium and 



20 



25 



SUBSTITUTE SHEET (RULE 26) 



PCT/SE99/01113 

WO 99/67310 7 

*n in the form of acid addition salts (protonated nitrogens) and 

— — r — — — - — 

h t (bHhat are potentially cationic include N-a.kandio. dia.ky.am.nes and N-a.kyl d.alka 

formal, in the jm- gfoup(s) „ teast 

20 P °" U "ZXZZZ -e. J - polyol is rea«ed * - compound <d, 

r r: :rr — - nr :r:::r 

acid chlorides, preferably dicarboxyiic acids and anhydndes, most pre^y 

. ZL of a oarboxyl group wnich can be converted into me correspond^ 
SUBSTITUTE SHEET (RULE 26) 
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nyrfroxide, or an amine, e.g. .rieftylarnine. Accordingly, the use of .he third alcohoi (c) 
and the compound (d) usually produce anionic groups which may be present ,n an,on,o 
and amphoteric polyurethanes. 

„ fte third aicohol is a polyo, (c), i. is generally preferred M -he second alcoho, 
5 is setected from diols. However. K the third alcoho, is a polyol (c) and fte second alcoM 
IsalsoapolyoUisr^ferred.ha.fteyaredWeren.polyola. Polyisocyanates M 
can be used in me process of this invention include aliphatic, aromatic and m«ed 
aiiphanc/^c compounds. The term -polyene*-, as used herein refers - a 
compound wHh a. ieas, two isocyanate groups. Among the polyiaocyanates. ,s gene^ 
,0 prefened to use d»soc»ana.es. Where polyisocyana.es confining mo. than m 
Lyanate groups are used. e.g. «socyana.es. ,. is prefened .o adm* .hem w* d so- 

Encyclopedia of Polymer Science and Engineering. Vol. 13. Second Ed.. 1988. pp. 243 
LTwhLi is hereby .corporated herein hy reference. Exampies of suitable di.sooyana,s 
„ inCude ..uene-2,4- and 2. M ,isooyana.es. diphenylmeftane^.^anate. he»- 
meftylene diisocyanate. dicyctohexylmeftane^isocyanate, 

fcopnen™ diisoeyanate and fte *e. ,. Is also possto-e .o use hlocKed ,seoya- 

^Trp^pmcess.ftemoiarra.ioofhydro.y.groupsof.henrs, second iand 
20 ftird alcohols to isocyanate groups of fte p^isocyanafe can vary v*in wide „m,* 
depend*, on. for example. lype of alcohols used, type o, poiyisocyanate used etc. 

molar ra,io of hydmxy, groups ,o isocyanate groups is within .he range of from 
05-1.O2-1 suitohlyfrom0.7:1to1.3:1andprefe ra hlyabout0.9 : lto1.l : l. 

Genera* fte protons between fte M secorrf and third aiooho, used 
25 according to fte inventon can vary wWn wide Ml The process is usually earned o* 
X from ahou. 1 to aboul 80 mc*% of „, hydroxy, groups o, fte M alcohol, from *otn 
, to about 75 0,0*% of (II) hydroxy, groups of .he second alcohol and from about 0 to 
about 80 mole* of (III. hydroxy, groups of fte ftird alcoho., .he sum o, percemages of 0 + 
„ ♦ (,„, being 100; su«, <„ ,s from 5 .0 70 mo,e%. (II) is from 2 ,o 85 mo e% - 
30 from » to 70 mole%; and .xeferably (D Is from 10 .o 80 mc,e%. 00 Is from 3 to 50 mole * 
r<m> is from 25 to 50 me*%. In a p^fened embedment, fte M alcoho, ,s used , a 
£LL amount such fta, ft. * re*s o, („ hydroxy, groups o, fte fr. 
« hydroxy, groups of fte second a,coho, and to („,) hydroxy, groups o, the third a,coho, 
are boft greater than 1 :1 . Usually ftese products give Improved sizing efficiency. 

The process of Ihis invention can be carried out in conventional manner, for 
example as disdosed in U.S. Pat. No, 3.071.784. 4.095.127, 4.617,341, 4.777,224 and 
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5 561 187 and Internal Pat. Appl. Put*. No. WO 97/45395. the teachings of which are in- 
corporated herein by reference, except that different reactonts are used in this process. As 
isocana.es are susceplfcle to nudeophilic attadk and readily react w«h water, the process 
is pLrabty earned out h a reaction medium free from water and undesired nucloep*s. 
5 suitably me reaction is earned out in a wa.er-.ree inert organic solvent, e* acetone. 
optJly in the presence of a catalyst eg. d*cetox,-dib,.,l-.in. Atfer 
a , .urtL reason can be canted ou, and the reachon medium can be worked-up n 
conventional manner. Examples of useful steps include addition of waler, acd. nd/o 
!„• evapor*n of advent and toe *e. Add and *ali are often added for formal of 
10 charged groups in ate polyurelhane. The potyurelhane ob,*ned shou* suHably be water- 
soluble or water-dispersabie. arc. water can tous be added for fomrahon of an agueo s 
polyurelhane dispersion. Usually me polyuretoane produced has an average molecular 
weightofatleast500.suitablyatleast1,000. 

The present invenaon further relates to the aqueous dispers.cn of charged 
15 po.yura.hane and me use .hereof as an addifrve in .he manufacture of paper. T^e 
dispersions may con* from about 1 «o 50% by weigh, of polyurelhane. surtably from 6 * 
25% b, weight. The dispersion may of course be diluted w*h water prior to use. The mm 
.paper", aa used herein, refers to all types of cellulosio product, including paper, board 

and paper board. «.v.«„ 
,„ a preferred embodiment the polyurethane dispersion is used as a srang 
agon. The dispersion can be added to the paper making slock (interna. stfng agent) or 
a PP ,,ed to die paper surface (external siring agent,, preferably to surface s*e paper In 
aXl to me chafed po^uretoane. the agueous compost used for surfaces^, 
commonly relent .o as sttng liguor. usually contains storeh or a 
25 Pigment ma, be presen. in certain applies. The amount of pofyuretoane a ded to th e 
stock or appiied to me paper surface may be from 0.001 to 25% by we«ht ca,cu,a ed 
dry chafed polyurelhane on d* ceUulo* materia and opftona, m, suKab* from 0.0 to 
5% bylght in anotoe, parted embodiment, .he dispersion is used aa a componen. of 
a coaSng or precoabng composition. usuaUy for coaling paper. The presen. coating compo- 
st ma, contain any o, toe pigments — aiiy used in coabn, and pra-coahno 
composites including, for example, kaolin. Manium dioxide, calcum cart»nate. M 
aluminum oxide, aluminium a,«ca,e. satin wh«e, barium aulfato, silica, talk, calcum sultoto. 

n^oxide. *rkonium carbonate, magnesium carbonato. ,he contorts o, which are usually 
a. toas, 20% by weight based on toe coatirto compose. The amount o, d,spers,oh o 
charged polythene present in the coaling composite can be from 0.01 to 25 A by 
weight, suitably from 0.01 to 8% b, weight, calcuialed as dry polyurelhane on dry coahn, 
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composWon. The amount of eoaring compo*n comprising charged po.yure.hane applied 
7Z paper surtace may be wfth* the ranges desenoed above, c^ed as dry charged 
polyurethane on dry oellulosio material and optional filler. 

The present invention further reta.es «o a process for surtace-.rea.tng a material n 
5 s „ee, or web form. e.g. paper or polymeric «,m, by appfying ,o .he surface of .he matena, a 
1 lion e g an aoueous compost, comprising ate charged polyurethane descnbed 
rr I oZally d,ir, the surtace-treated materia, .us obtained. Trie common 
^Tcan be a surtace slang oompos«on. a pigment coating composirion, etc.. ,s su«ly 
Sd" I surtace ,n amounte descrtbed above, calculated as dry po*ure,hane on dry 

10 ngexamptes. P artsand 
percentages relate fo parts by weigh, and percen, by weigh,, reepecrively, unless others 
stated. 

Example 1 

A charged polyurethane according .0 the invention was prepared as follows: 60.0 
m , (420 mmol, o, fofuene diisocyanate (hereinafter TDl) were added to °<™ ° 

ZL mmol) of glycerol monostearafe (hereinafter GMS) in 200 g of acetone. The nurture 
ZZL Z reft, for f h In the presence o, a cafalybc amount 0, ^ 
Taletate Next 3 76 g (40.6 mmol) 0. glycerol were added and hearing conhnued. 36 
20 7Z l», tm mmou 0. dMhydmxymethyn-proplonic acid (hereinafter DMPA) and 
7;T(14 3 ml) 0. N-methyl-diethanoiamine (hereinafter N«DEA) in 200 g acetone 
Z . da d The Lion mixture was heated under reflux for addftiona, 1 h and men 
"Id with 1 1 6 ml of 1 M NaOH <a„ and fOOO m, water. The acetone was evaporated 
in vacuum yielding an aqueoua dispersion of anionic polyurethane. 

Example 2 

25 A charged polyurethane according fo ft* invention was prepared essenftally as in 

Example f except ma, TDl was added ,o an acetonic solurion of both GMS and g^cerof 
Meeting unl reftux for 70 mtn. DUPA and N^EA were added as above folded 
71* I reacrion mixture urrfer r*x ft>r addfcna, 2 h. The reason mature was 
30 vled-up aa in Example 1 . yieKing an agueous dispersion of anionic polyurefhane. 

Example 3 

A charged polyurethane according to .he invention was prepared essentially as 

In Exempt JLpT— >» . ■*» - *«* »» *** " 

" ^ 3 mmol, of N-MDEA and 100 ml of 1 M NaOH were used. WorKing-up .he reacrion 

36 mixture yielded an aqueous dispersion of anionic polyurethane. 
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Example 4 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 3.8 g (61.2 mmol) of ethyleneglycol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 
g Example 5 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 5.5 g (61.2 mmol) of 1 ,4-butanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 6 

10 A charged polyurethane according to the invention was prepared essentially as in 

Example 1 except that glycerol was replaced with 7.2 g (61.2 mmol) of 1 ,6-hexanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 7 

A charged polyurethane according to the invention was prepared essentially as in 
15 Example 1 except that glycerol was replaced with 4.7 g (61.2 mmol) of 1 , ^propanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 8 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 4.2 g (30.6 mmol) of pentaerythritol. 
20 Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 9 

For comparison purposes, a charged polyurethane was prepared following the 
procedure according to Example 1 except that no glycerol was used and the amounts of 
DMPA, N-MDEA and 1 M NaOH were 24.6 g (183 mmol), 2.43 g (20.4 mmol) and 165 
25 ml, respectively. Working-up the reaction mixture yielded an aqueous dispersion of 
anionic polyurethane. 

Example 10 

For comparison purposes, a charged polyurethane was prepared according to 
the teachings of U.S. 4,777,224, as follows: 15 ml (105 mmol) of TDI were added to a 

30 solution of 18.3 g (51 .0 mmol) of GMS in 50 g of acetone. The mixture was heated under 
reflux for 1 h in the presence of a catalytic amount of dibutyl-tin-diacetate. Next, 2.85 g 
(21.2 mmol) of DMPA, 2.58 g (21.7 mmol) of N-MDEA in 50 g acetone and 13.8 g (6.89 
mmol) of polyethylene glycol with an average molecular weight of 2000 were added. The 
reaction mixture was heated under reflux for additional 90 min and then treated with 14.4 

35 ml of 1 M NaOH (aq) and 250 ml water. The acetone was evaporated in vacuum yielding 
an aqueous dispersion of anionic polyurethane. 

r 
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Example 1 1 

A charged polyurethane according to the invention was prepared as follows: 1 5 ml 
(105 mmol) of TDI were added to a solution of 18.3 g (51.0 mmol) of GMS in 50 g of 
acetone The mixture was heated under reflux for 1 h in the presence of a catalytic 
amount of dibutyl-tin-diacetate. Next, 0.94 g (10.2 mmol) of glycerol were added and 
heating continued. 25 min later, 1.97 g (7.65 mmol) of N-MDEA quaternized with 
epichlorohydrin (a hydroxy-functional quatarnary ammonium compound prepared 
according to the teachings of WO 97/45395; hereinafter N-MDEA-ECH) and 
subsequently 3.34 g (28.1 mmol) of N-MDEA in 50 g acetone were added. The 
temperature was increased and the reaction mixture was heated under reflux for 50 mm. 
The resulting acetonic solution was poured into 27 ml of 1 M HCI (aq) and 250 ml water. 
Acetone was removed in vacuum giving an aqueous dispersion of cationic polyurethane. 

Example 12 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 1 except that no N-MDEA-ECH was used and the amounts of N-MDEA and 1 M 
HCI were increased to 4.26 g (35.7 mmol) and 34 ml, respectively. The product obtained 
was an aqueous dispersion of cationic polyurethane. 

Example 13 

For comparison purposes, a charged polyurethane was prepared following the 
procedure according to Example 11 except that no glycerol was used and the amounts of 
N-MDEA and 1 M HCI were increased to 5.17 g (43.4 mmol) and 39 ml. respectively. The 
product obtained was an aqueous dispersion of cationic polyurethane. 

Example 14 

For comparison purposes, a charged polyurethane was prepared following the 
25 procedure according to Example 12 except that no glycerol and no N-MDEA-ECH were 
used and the amounts of N-MDEA and 1 M HCI (aq) were increased to 6.08 g (51.0 
mmol) and 48.5 ml. respectively. The product obtained was an aqueous dispersion of 
cationic polyurethane. 

Example 15 

Sizing efficiency of the anionic polyurethane dispersions according to Examples 
1-10 was evatuated by means of the Cobb test, using German DIN standard 5312 which 
is a common method in the art. The Cobb 60 values correspond to paper absorption of 
water, expressed in g/m 2 of water take-up after 1 min contact time. 

Sizing liquor containing the polyurethane dispersion was applied with a 
35 laboratory size press to an unsized base paper. The sizing liquor also contained 5% of 
oxidatively degraded starch. 



20 
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The values measured on the sized paper sheets are presented in Table 1, 
where dosage of the polyurethane dispersion (in %) refers to dry anionic polyurethane on 
dry paper. 

Table 1 





Cobbeo 


Polyurethane Dispersion used 


0.075 % 


0.10 % 


n a c a/ 

0.15 % 


0.2 /o 


Example No. 1 






mm tm 


21 


example inu. £ 


40 


28 


25 


23 


Example No. 3 




26 


22 


21 


Example No. 4 




35 


23 


21 


Example No. 5 




33 


23 


22 


Example No. 6 




36 


24 


21 


Example No. 7 




62 


26 


23 


Example No. 8 




24 


22 


20 


Example No. 9 (comparison) 


88 


75 


34 


28 


Example No. 10 (comparison) 




85 


31 


25 



5 



As can be seen from Table I, the sizing efficiency of the polyurethane 
dispersions of Examples 1 to 8 according to the invention showed significant improved 
sizing efficiency over polyurethane dispersion of Examples 9 and 10 used for 
companson. 

10 Example 16 

Sizing efficiency of the cationic polyurethane dispersions according to Examples 
11-14 was evaluated as in Example 15. The results are presented in Table 2, where 
dosage of the polyurethane dispersion (in %) refers to dry cationic polyurethane on dry 
paper. 



15 Table 2 



Polyurethane Dispersion used 


Cobba, 


0.10 % 


0.15 % 


Example No. 1 1 


61 


25 


Example No. 12 


79 


27 


Example No. 13 (comparison) 


82 


33 


Example No. 14 (comparison) 


88 


45 
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As can be seen from Table 2, the sizing efficiency of the polyurethane 
dispersion of Examples 11 and 12 according to the invention showed significant 
improved sizing efficiency over polyurethane dispersion of Examples 13 and 14 used for 
comparison. 
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Claims 

1. A process for the production of charged polyurethanes comprising reacting 
isocyanate groups of a polyisocyanate with hydroxyl groups of different alcohols comprising 
(i) a first alcohol selected from one or more diols containing at least 10 carbon atoms; 

5 (ii) a second alcohol selected from alkylene diols having not more than 8 carbon atoms, 
alkyleneoxy diols having not more than 8 carbon atoms, polyols, and mixtures thereof; 
(iii) a third alcohol selected from (a) diols containing a charged group or atom, (b) diols 
containing an uncharged group or atom capable of charge formation and at least partially 
converting the uncharged group or atom into a charged group or atom, (c) polyols and 

10 further reaction of one or more hydroxyl group derived from the polyoi with a compound 
containing a charged group or atom or a compound containing an uncharged group or 
atom capable of charge formation and at least partially converting said uncharged group 
or atom into a charged group or atom, and mixtures thereof. 

2. A process for the production of charged polyurethanes according to claim 1, 
15 characterised in that in the production of anionic polyurethanes, the first alcohol 

is an aliphatic diol having an aliphatic side-chain substituent having at least 10 carbon 
atoms. 

3. A process for the production of charged polyurethanes according to claim 1 or 
2, characterised in that the polyurethane is anionic. 

20 4. A process for the production of charged polyurethanes according to claim 1 , 

characterised in that the polyurethane is cationic. 

5. A process for the production of charged polyurethanes according to claim 1 , 
characterised in that the polyurethane is amphoteric. 

6. A process according to any of the preceding claims, characterised in 
25 that the third alcohol is selected from (a) diols containing a charged group or atom, (b) 

diols containing an uncharged group or atom capable of charge formation, and mixtures 
thereof. 

7. A process according to any of the preceding claims, characterised in 
that the first and second alcohols are introduced into the process for reaction before 

30 introducing the third alcohol. 

8. A process according to any of the preceding claims, characterised in 
that (i) the first alcohol is an aliphatic diol having an aliphatic substituent with at least 10 
carbon atoms; (ii) the second alcohol is selected from diols, triols, tetraols, and mixtures 
thereof; and (ii) the third alcohol is selected from N-alkandiol dialkylamines, acid addition 

35 salts thereof and quaternization products thereof, N-aikyl dialkanolamines, acid addition 
salts thereof and quaternization products thereof, diols containing a carboxylic acid 
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group, diols containing a carboxylate group, diols containing a sulfonic acid group, diols 
containing a sulfonate group, and mixtures thereof. 

9. A process according to any of the preceding claims, characterised in 
that the process is carried out using from 10 to 60 mole% of (I) hydroxy! groups of the first 

5 alcohol, from 3 to 50 mole% of (II) hydroxyl groups of the second alcohol and from 25 to 60 
mole% of (III) hydroxyl groups of the third alcohol, the sum of percentages of (I) + (II) + (III) 
being 100. 

10. Charged polyurethane obtainable by a process according to any one of 
claims 1 to 9. 

10 11. Aqueous dispersion containing a charged polyurethane according to claim 

10 or containing a charged polyurethane produced according to any of claims 1 to 9. 

12. A method of surface-treating a material in sheet or web form by applying a 
composition to the surface of the material, characterised in that the composition 
comprises a charged polyurethane according to claim 10 or an aqueous dispersion 

15 containing a charged polyurethane according to claim 1 1 . 

13. A method according to claim 12, characterised in that the material in 
sheet or web form is a cellulosic product. 

14. A method according to claim 12 or 13, characterised in that it is a 
surface sizing method which is carried out using an aqueous sizing composition. 

20 15. A method according to claim 12 or 13, characterised in that it is a 

paper coating method which is carried out using an aqueous pigmented composition. 
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